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Disclosed are a terminal of an OFDMA-TDMA wireless 
Internet system capable of reducing transmission delay time 
a packet transmission method. AMAC layer of the terminal is 
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control operations according to a QoS policy and the low level 
priority controller performs mechanical control operations 
based on a predetermined simple fixed priority policy. 
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WRELESS INTERNETTERMINAL AND 
PACKET TRANSMISSION METHOD FOR 
IMPROVING QUALITY OF SERVICE 

TECHNICAL FIELD 

0001. The present invention relates to a wireless Internet 
terminal and a packet transmission method for reducing 
packet transmission delay time while securing QoS (Quality 
of Service). More specifically, the present invention relates to 
construction of a terminal MAC (Media Access Control) 
layer for minimizing a delay generated when a terminal trans 
mits uplink data in a wireless Internet system using OFDMA 
TDMA. 

BACKGROUND ART 

0002. An OFDMA-TDMA system uses OFDM (Orthogo 
nal Frequency Division Multiplex) for modulation and 
demodulation of data and uses TDMA (Time Division Mul 
tiple Access) for user multiplexing. The OFDMA-TDMA 
system has a coordinator that manages and schedules band 
widths such that, when a terminal requiring to transmit data 
requests the OFDMA-TDMA system to allocate a band 
width, the coordinator allocates the bandwidth to the termi 
nal. Then, the terminal transmits data using the allocated 
bandwidth. 
0003 FIG. 1 illustrates layers of a wireless Internet sys 
tem. Referring to FIG. 1, the wireless Internet system 
includes a physical layer 100, a MAC layer 200, and a net 
work layer 300. These layers can be called first, second and 
third layers L1, L2 and L3, respectively. If required, the 
wireless Internet system can further have upper layers. 
0004. The physical layer 100 manages a modulation 
method and multiple access RF processing and the MAC 
layer 200 takes charge of a function of controlling access of 
the physical layer, such as address allocation, access coordi 
nation and frame checking. The network layer 300 manages 
routing and congestion control. The layers 100, 200 and 300 
control an operation between adjacent layers through server 
access points 10 and 20. 
0005 FIG. 2 illustrates a frame structure of a conventional 
OFDMA-TDMA system. Referring to FIG. 2, a MAP 101, 
which is a MAC layer message, defines the number of 
resources and Sub channels allocated by a terminal and serves 
as indexes of designating components of a downlink burst 
DL-BURST 102 and an uplink burst UL-BURST 103 that 
follow the MAP 101. The MAP 101 is classified into an 
uplink MAP UL-MAP and a downlink MAP DL-MAP 
depending on a link direction. 
0006 If a terminal previously requests an OFDMA 
TDMA system to allocate a specific bandwidth, the coordi 
nator of the OFDMA-TDMA system allocates the bandwidth 
to the frame. Then, the terminal analyzes the MAP 101 to 
confirm whether there is a bandwidth allocated thereto and 
transmits data using a bandwidth allocation interval 104 indi 
cated by the MAP 101. 
0007 MAC is a protocol located above the physical layer 
managing RF and modem. Thus, data of the MAP 101 should 
be subjected to processes required for receiving RF and 
modem signals in order to reach the MAC layer. This gener 
ates a predetermined delay time 105. 
0008 Furthermore, when the MAC requires to transmit 
data in Synchronization with a designated interval, the data 
must be subjected to processes required for transmitting RF 
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and modem signals. Thus, the data should be transmitted a 
predetermined delay time 107 ahead of the actual data trans 
mission time. Accordingly, the MAC of the terminal should 
begin to prepare data to be transmitted the RF/modem recep 
tion delay time 105 behind the moment of time when the 
frame of the data actually starts and end the preparation of the 
data the RF/modem transmission delay time 107 ahead of the 
time interval during which the bandwidth required for trans 
mitting the data is allocated to the terminal. 
0009. When the ratio of the downlink burst DL-BURST to 
the uplink burst UP-BURST is approximately 7:3 and the 
modem/RF reception delay time 105 and transmission delay 
time 107 respectively occupy /3 of the downlink burst DL 
BURST 102, a period of time required for the terminal to 
prepare a PDU (Protocol Data Unit) corresponds to approxi 
mately /3 of the downlinkburst DL-BURST 102. The ratio of 
each of the modem/RF reception delay time 105 and trans 
mission delay time 107 to the entire frame interval is 7/10x'/3, 
which corresponds to approximately /4 of a single frame 
interval. This is very short time such that each of the modem/ 
RF reception delay time 105 and transmission delay time 107 
becomes 1.35 msec when a single frame interval is 5 msec. 
0010. The terminal should transmit data based on QoS. 
QoS means network capability providing a method of reduc 
ing network traffic or making a reservation of some of band 
widths in advance. Network managers provide QoS to their 
networks in many ways. QoS does not mean 100% guarantee 
of bandwidths or packet loss rate of 0%. However, the net 
work managers manage traffic transmission using a method 
of transmitting a specific traffic more rapidly or making a 
reservation of network bandwidths through QoS. 
0011 A variety of techniques with respect to QoS, such as 
IEEE 802.1p, differential service, RSVP (Resource Reserva 
tion Protocol), IP multiplexing and so on, have been dis 
closed. 

0012 For QoS, it is required that data packets to be trans 
mitted are classified, priorities of the data packets are deter 
mined in consideration of importance or urgency of the data 
packets, and the data packets are transmitted based on their 
priorities. Here, an internal algorithm is executed with refer 
ence to a profile including QoS characteristic. This process is 
an operation with high complexity and thus the operation is 
generally processed by Software. 
0013 However, a period of time during which a terminal 
recognizes bandwidth allocation and then transmits data 
using the allocated bandwidth is very short. Thus, QoS-based 
data transmission is difficult to carry out by software within 
the period of time. If the QoS-based transmission is executed 
by hardware, it is difficult to finely control the QoS-based 
transmission in various manners though the transmission can 
be carried out within the period of time. 
0014 Furthermore, when the coordinator allocates a 
bandwidth to the next frame not the current frame, the termi 
nal is given extended time including a single frame interval 
added thereto and thus the QoS-based data transmission can 
be performed by software. In this case, however, data trans 
mission is delayed due to the extended time given to the 
terminal. This can deteriorate quality of upper application 
programs and bring about serious problems in the case of 
real-time application. 
0015. As described above, when the terminal transmits 
uplink data based on QoS in the OFDMA-TDMA system, 
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there are problems in both cases of processing the data trans 
mission by Software and hardware. 

DISCLOSURE OF INVENTION 

Technical Problem 

0016. It is an advantage of the present invention to provide 
a wireless Internet system having a single MAC layer struc 
ture that reflects QoS characteristic and satisfies a time 
restriction and a packet transmission method. 

Technical Solution 

0017. In one aspect of the present invention, an OFDMA 
TDMA based wireless Internet terminal comprises a QoS 
profile storing information about a QoS policy; a classifier for 
classifying data packets to be transmitted according to the 
QoS policy; a first module including a first priority controller 
that gives priorities to the classified data packets according to 
the QoS policy; a PDU maker for generating PDUs from the 
data packets given the priorities; a second priority controller 
for determining priorities of the PDUs according to a prede 
termined policy; and a second module arranging the PDUs in 
an allocated bandwidth to transmit the PDUs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate an 
embodiment of the invention, and, together with the descrip 
tion, serve to explain the principles of the invention; 
0019 FIG. 1 illustrates layers of a wireless Internet sys 
tem; 
0020 FIG. 2 illustrates a frame structure of a conventional 
OFDMA-TDMA system: 
0021 FIG.3 is a block diagram showing the structure of a 
terminal MAC of a wireless Internet system according to an 
embodiment of the present invention; 
0022 FIG. 4 is a block diagram showing a MAC software 
part according to an embodiment of the present invention; 
0023 FIG. 5 is a block diagram showing a MAC hardware 
part of a MAC layer according to an embodiment of the 
present invention; 
0024 FIG. 6 is a flow chart showing a part of a packet 
processing method according to an embodiment of the 
present invention; and 
0025 FIG. 7 is a flow chart showing another part of the 
packet processing method according to the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0026. In the following detailed description, only the pre 
ferred embodiment of the invention has been shown and 
described, simply by way of illustration of the best mode 
contemplated by the inventor(s) of carrying out the invention. 
As will be realized, the invention is capable of modification in 
various obvious respects, all without departing from the 
invention. Accordingly, the drawings and description are to 
be regarded as illustrative in nature, and not restrictive. To 
clarify the present invention, parts which are not described in 
the specification are omitted, and parts for which similar 
descriptions are provided have the same reference numerals. 
0027 FIG.3 is a block diagram showing the structure of a 
terminal MAC layer of a wireless Internet system according 
to an embodiment of the present invention. The structure does 

Oct. 30, 2008 

not show a control plane part of the MAC layer but shows only 
a user plane part. Uplink data is transmitted from a network 
layer 300 to a modem/RF part 100 through the MAC layer 
2OO. 
0028. The present invention processes the QoS function of 
the MAC using a MAC software part and a MAC hardware 
part. Referring to FIG.3, the basic structure of the MAC layer 
200 according to the present invention includes the MAC 
Software part 210 having a classifier 211, an admission con 
troller 212 and a high level priority controller 213 and the 
MAC hardware part 220 having a PDU maker 221, a low level 
priority controller 222 and a transmitter 223. In addition, the 
MAC layer 200 further includes a QoS profile 216 storing a 
QoS policy. The MAC software part 210 and MAC hardware 
part 220 can be constructed in modular forms, respectively. 
0029. The MAC software part 210 processes an operation 
with high complexity and the MAC hardware part 220 pro 
cesses an operation with low complexity. The MAC software 
part 210 is operated irrespective of the above-described 
restricted time to determine long-term QoS-based priorities 
while the MAC hardware part 220 is sensitive to the restricted 
time and determines short-term QoS-base priorities. 
0030. The MAC software part 210 includes the classifier 
211, admission controller 212 and high level priority control 
ler 213 as described above. The classifier 211 classifies 
received data packets by QoSs. The admission controller 212 
discards data packets with a low degree of importance based 
on a network state. The high level priority controller 213 
determines priorities of data packets that have passed the 
admission controller 212 according to the QoS policy and 
differentially transmits the data packets based on their priori 
ties. The components 211, 212 and 213 carry out their func 
tions with reference to the QoS profile 216 storing informa 
tion about QoS characteristics. 
0031. The MAC hardware 220 includes the PDU maker 
221, the low level priority controller 222 and a transmitter 
223. The PDU maker 221 makes a MAC PDU. The low level 
priority controller 222 determines a priority of the MAC PDU 
according to a fixed policy to differentially transmit the MAC 
PDU based on the priority. The transmitter 223 is interfaced 
with the modem/RF layer 100that is a lower layer of the MAC 
layer 200 to actually transmit the data. 
0032. The terminal MAC layer according to the present 
invention will now be explained in more detail. 
0033 FIG. 4 is a block diagram showing the structure of 
the MAC software part 210 according to an embodiment of 
the present invention. The MAC software part 210 internally 
operates a QoS queue 214 and a priority queue 215 in addition 
to the classifier 211, admission controller 212 and priority 
controller 213. The QoS queue 214 classifies data packets by 
QoSs and stores them. The priority queue 215 classifies data 
packets that have passed the admission controller 212 by 
priorities and stores the classified data packets. 
0034 Specifically, the classifier 211 classifies data pack 
ets from the network layer based on a selected QoS profile and 
selectively stores the data packets in the QoS queue 214. The 
type of packet traffic is identified and the packets stand by in 
the QoS queue 214. For example, data items having different 
characteristics such as audio data and burst data can be stored 
and stand by in the QoS queue 214 according to the QoS 
policy based on information of the QoS profile. 
0035. The admission controller 212 determines whether 
the data packets from the QoS queue 214 are admitted or 
discarded to selectively store the data packets in the priority 
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queue 215. The admission controller 212 selectively stores 
the data packets in the priority queue 215 according to avail 
able traffic state of the current call and the QoS policy. 
0036. The high level priority controller 213 gives priori 

ties to the packets stored in the priority queue 215 based on 
the QoS policy. For example, audio data that requires real 
time transmission is given priority higher than priority given 
to e-mail data that tolerates transmission delay. 
0037. As described above, the MAC software part 210 
executes a function that is less sensitive to time, reflects QoS 
characteristic and makes various fine decisions. 

0038 FIG. 5 is a block diagram showing the MAC hard 
ware part 220 of the MAC layer according to an embodiment 
of the present invention. Referring to FIG. 5, high-level 
priority-controlled packets are sent from the MAC software 
part 210 to the MAC hardware part based on their priorities. 
The PDU maker 221 of the MAC hardware part adds over 
head bits to the packets to generate MAC PDUs. The gener 
ated MAC PDUs are sequentially sorted and stand by in a 
sorting queue 224 by the low level priority controller 222. 
0039. The sorting queue 224 sorts the generated PDUs 
based on a fixed priority policy and maintains the Sorted 
PDUs. The fixed priority policy is to mechanically give pri 
orities to packets in the order of an ACK packet, a manage 
ment message packet and user a data packet. That is, the low 
level priority controller 222 controls priorities based on a 
mechanical low-level policy capable of controlling priority. 
0040. In the sorting queue 224, the packet having the high 
est priority is located at the bottom and packets having low 
priorities are placed above the packet having the highest 
priority. 
0041. When a bandwidth is allocated, the PDUs arranged 
by the priority controller 222 are sequentially extracted from 
the sorting queue 225 from the bottom to the top of the sorting 
queue and fill the allocated bandwidth. For example, when a 
bandwidth allocated to a terminal is detected from an uplink 
MAP UL-MAP 110 of a frame, the MAC hardware part 
sequentially extracts the PDUs standing by in the sorting 
queue from a high priority PDU to a low priority PDU (PDD 
a, PDDb, PDD c,...) within a range that does not exceed the 
length of the allocated bandwidth and locates the extracted 
PDUs in the allocated bandwidth BWp. 
0042. The transmitter 223 transmits the frame having the 
allocated bandwidth filled with the PDUs. 

0043. As described above, the present invention can carry 
out QoS-based priority control and overcome a time restric 
tion that is given to the MAC after the uplink MAP according 
to the two priority control steps executed by the MAC soft 
ware part and MAC hardware part. This enables packet trans 
mission without having a delay. 
0044 FIG. 6 is a flow chart showing a part of a packet 
processing method according to an embodiment of the 
present invention. 
0045 Data packets transmitted from the network layer of 
the wireless Internet system are classified according to the 
QoS policy in the step S100. The QoS policy maximizes a 
bandwidth utilization rate and minimizes a packet loss rate in 
the current communication environment. The QoS policy is 
reflected on the data classification based on a QoS profile. 
0046. The classified data packets are stored and standby in 
the QoS queue in the step S110. The QoS queue sequentially 
stores data packets classified based on different QoS policies 
in different queues. 
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0047. An admission control algorithm determines 
whether the data packets stored in the QoS queue are admitted 
in the step S120. The admission control algorithm determines 
whether the data packets are transmitted or not with reference 
to the current call state and data characteristics. Data packets 
that are not allowed to be admitted are discarded and data 
packets allowed to be admitted are moved to the next step. 
0048. The data packets allowed to be admitted are given 
priorities based on the QoS policy in the step S130. Here, the 
priorities are given to the data packets through a Software 
process in consideration of importance and urgency accord 
ing to traffic characteristic and QoS capability defining the 
QoS profile. 
0049. As described above, the data packets with priorities 
are classified again based on their priorities and sequentially 
stored in the priority queue in the step S140. The stored data 
packets are sequentially transmitted to the MAC hardware 
part starting from a data packet with high priority to a data 
packet with low priority in the step S150. 
0050 FIG. 7 is a flow chart showing another part of the 
packet processing method according to the present invention. 
0051. The data packets, which are given priorities based 
on the QoS software part, are transmitted from the MAC 
software part to the MAC hardware part based on their prio 
ries and arranged. The transmitted data packets are aligned in 
the sorting queue through a mechanical process. That is, the 
data packets are mechanically aligned starting from a packet 
with high priority to a packet with low priority based on 
headers or identifiers of the packets in the step 200. 
0052. When a bandwidth is allocated as instructed by a 
MAP in the step S210, the aligned packets are mechanically 
arranged in the allocated bandwidth in the step S220. Accord 
ingly, when the instruction of the MAP is recognized, the 
packets are arranged in the allocated bandwidth within rela 
tively short period of time without respect to QoS. 
0053 When the packets are arranged in the allocated 
bandwidth, a frame that is a PDU of the physical layer is 
generated and transmitted in the step S230. As described 
above, the period of time required for the MAC hardware part 
to recognize the MAP and arrange the packets is Sufficiently 
short and thus transmission delay time for transmitting the 
frame can be also sufficiently secured. 
0054 While this invention has been described in connec 
tion with what is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not limited to the disclosed embodiments, but, on 
the contrary, is intended to cover various modifications an 
equivalent arrangements included within the spirit and scope 
of the appended claims. 
0055 As described above, the terminal MAC structure of 
the OFDMA-TDMA wireless Internet system according to 
the present invention can remove packet delay while satisfy 
ing complicated and various QoS characteristics. 

1. An OFDMA-TDMA (Orthogonal Frequency Division 
Multiplex Time Division Multiple Access) based wireless 
Internet terminal comprising: 

a QoS profile storing information about a QoS policy; 
a classifier for classifying data packets to be transmitted 

according to the QoS policy; 
a first module including a first priority controller that gives 

priorities to the classified data packets according to the 
QoS policy; 

a PDU maker for generating PDUs from the data packets 
given the priorities; 
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a second priority controller for determining priorities of the 
PDUs according to a predetermined policy; and 

a second module arranging the PDUs in an allocated band 
width to transmit the PDUs. 

2. The OFDMA-TDMA based wireless Internet terminal 
as claimed in claim 1, wherein the first module further 
includes an admission controller that determines admission 
or discard of the data packets classified by the classifier. 

3. The OFDMA-TDMA based wireless Internet terminal 
as claimed in claim 2, wherein the first module further 
includes a QoS queue storing the data packets classified by 
the classifier, and a priority queue Storing data packets admit 
ted by the admission control based on their priorities. 

4. The OFDMA-TDMA based wireless Internet terminal 
as claimed in claim3, wherein the first module is constructed 
in a MAC layer by software. 

5. The OFDMA-TDMA based wireless Internet terminal 
as claimed in claim 1, wherein the second module includes a 
sorting queue sequentially storing the PDUS based on priori 
ties assigned by the second priority controller. 

6. The OFDMA-TDMA based wireless Internet terminal 
as claimed in claim 5, wherein the PDUs are MAC PDUs, and 
the second priority controller gives priories to the MAC 
PDUS in the order of an ACK packet, a management message 
packet and a user data packet independently from the QoS 
profile. 

7. The OFDMA-TDMA based wireless Internet terminal 
as claimed in claim 6, wherein the second module is con 
structed in a MAC layer by hardware. 

8. A packet processing method in a wireless Internetter 
minal, comprising: 

classifying and storing data packets based on a QoS policy; 
providing first priories to the data packets classified based 
on the QoS policy; 
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storing the data packets given the first priorities in a queue 
and sequentially outputting the data packets based on 
their priories: 

providing second priorities to the data packets based on 
characteristics of the data packets independently of the 
QoS policy; and 

sequentially sorting the data packets based on the second 
priorities to arrange the data packets in an allocated 
bandwidth. 

9. The packet processing method as claimed in claim 8. 
further comprising determining admission or discard of the 
classified data packets. 

10. The packet processing method as claimed in claim 9. 
wherein the classifying and storing data packets, determining 
admission or discard of the classified data packets and giving 
first priories to the classified data packets are executed by 
Software, and the giving second priorities to the data packets 
and the arranging the data packets are executed by hardware. 

11. A recording medium storing a program used for a 
wireless terminal that gives first priories to data packets based 
on a QoS policy, gives second priories to the data packets 
based on packet information of the data packets given the first 
priories and uplink-transmits the data packets, the recording 
medium comprising: 

storing the QoS policy as a QoS profile; 
classifying and storing the data packets based on the QoS 

policy; 
determining admission or discard of the classified data 

packets; and 
providing the first priorities to data packets allowed to be 

admitted according to the QoS policy. 
c c c c c 


